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INTRODUCTION
Utilization of agricultural wastes has long been a matter of primary
concern to all those connected with agricultural agencies. Large amounts
of money and much effort are expended in research each year by various
agricultural agencies. Much has been accomplished; more remains to be
done. Our steadily increasing population and the resultant drain on our
natural resources make it more and more imperative that no stone be left
unturned in the search for potential uses for the vast amount of agri-
cultural wastes now existent in the United States.
One of the largest agricultural wastes in Louisiana is rice hulls. Each
year some 144,000 tons of rice hulls remain after the rice is processed for
consumption. A small amount of these hulls is put to use but the bulk
remains as an unusable waste which has to be disposed of by burning and
dumping the ashes or by dumping the hulls and then burning. This is
not only a waste of potential material but also a waste of dollars since
disposal of the hulls is quite expensive. In an effort to discover new uses
for the waste rice hulls the authors have investigated some possibilities
which may, to a small extent at least, help alleviate this situation.
AVAILABILITY AND COMPOSITION OF RICE HULLS AND ASH
The main rice producing areas of the United States are concentrated
in five states—Arkansas, California, Louisiana, Mississippi and Texas.
As there are many possible uses of rice hulls and ashes, the supply and
composition are given in the following table, listing 1954 figures, the
latest available.
Rice Rice Hulls Ash
Arkansas 744,440 tons 126,555 tons 25,311 tons
California 529,495 tons 90,014 tons 18,003 tons
Louisiana 719,432 tons 122,303 tons 24,460 tons
Mississippi 142,547 tons 24,233 tons 4,847 tons
Texas 806,582 tons 137,119 tons 27,424 tons
TOTAL 2,942,496 tons 500,224 tons 100,045 tons
ACKNOWLEDGEMENTS-The authors would like to express their
gratitude to Mr. J. P. Gaines, Assistant to the President, The Rice Mill-
ers' Association, and to its member mills for the wonderful cooperation
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Approximate Analysis of Rice Hulls
(All varieties)
Moisture 8A9% to 11.00%
Ash 15.68% to 18.59%,
Ash (Insoluble in 10% HBI) 14.50% to 17.527o
Crude protein 2.94% to S.62%
Ether soluble extract 0.82% to 1.20%
Crude fiber 39.05%, to 42.90%
Nitrogen free extract 24.70% to 29.38%
Typical Chemical Analysis of Rice Hull Ash
Silica (SiO^) 94.50%
Calcium oxide (CaO) 0.25%
Magnesium oxide (MgO) 0.23%
Potassium oxide (K2O) 1-10%
Sodium oxide (NaaO) 0.78%
Phosphoric oxide (P2O3) 0.53%
Sulphates (SO3) 1.13%
Aluminum, manganese,
ferric oxides (Al, Fe, Mn) Traces
USE OF RICE HULLS
Over the years many attempts have been made both in this country
and other countries to utilize rice hulls. To date the results have been
partially successful. However, with changing conditions, new techniques
and more intensive research, it is highly possible that uses for this
waste product may yet be found that will turn a present liability into a
future asset. It has been impossible to obtain any accurate figures on
what percentage of the available hulls are at present being economically
utilized, but it seems safe to assume that it is less than 25 per cent.
Of the known potential uses, both past and present, the most
significant are the following.
Use as a Fuel
Several rice mills use the hulls as fuel in the steam boiler furnaces.
In some cases, even though all of the hulls are not needed as fuel, they
are fed into the furnace in order to facilitate disposal. The fuel value
of rice hulls is quite low, averaging 5,500 B.T.U. per pound, and the
high ash content (20 per cent) of the rice hulls causes some difficulty.
The hulls are generally fed into the furnace by a screw conveyor. Falling
into the furnace, the hulls are met with a jet of steam and blown to-
wards a small target. Under these conditions the hulls burn in the air
and the ash and carbonized hulls fall to the bed of the furnace. To pre-
vent the ash from piling up, a stream of water is made to flow over the
furnace bed and the ash and carbonized hulls are continuously washed
into a sump pit.
From the pit the ash is pumped to wagons or ditches for disposal.
The wagons are so made that they retain the ash but allow most of the
water to drain back into the sump pit before proceeding to the dumping
grounds. It is important that the amount of air entering the furnace be
controlled so as to prevent ash and carbonaceous material being blown
from the stack. Particles of such material have been known to cause eye
injuries. At some mills the hulls are hauled away and dumped on waste
land where they are burned. Hauling charges are as high as $2.50 per
ton. Because of the increasing shortage of dumping grounds and the
smoke nuisance caused by open air burning, this method may have to be
abandoned.
Use in Fertilizers
One fairly large use for rice hulls is as a component in mixed fer-
tilizers. The hulls prevent caking of the fertilizer salts and also tend
to lighten the soil by the addition of organic matter. They add prac-
tically no nitrogen, potassium or phosphorus to the fertilizer.
Use as a Supporting Medium in Hydroponic Tanks
Rice hulls have been used as a supporting medium for growing
vegetables hydroponically. In the natural state they tend to cake more
than other materials used. It is claimed that when heated to a point
where they become brittle, coarsely ground and treated with a synthetic
detergent, they are satisfactory for this use.
Use as a Feed
Ground hulls are used to some extent as a filler in mixed feed.
They are quite low in food value and in some states were outlawed in
the belief that the sharp roughened edges of the ground hulls were in-
jurious to the digestive tracts of animals. Late reports indicate that this
belief is erroneous and that several states where their use was banned
now allow a certain percentage of ground hulls to be added to the feed.
Use as Insulating Material
For years rice hulls have been used as a loose insulant in dwellings,
farm structures and cold storage plants. If desired they can be flame-
proofed by soaking in a solution of boric acid and borax. (See appendix
for details of method used.) Tests indicate that the insulating value of
rice hulls is quite high and compares favorably with rock or glass wool.
However, the loose fill tends to settle and will harbor vermin. Where
extreme temperature differentials are to be expected, vapor barriers
must be used to prevent vapor condensation within the hulls.
One very interesting use of rice hulls is to insulate steel ingots from
too rapid cooling. One report* states as follows:
"In the pouring of steel ingots into an ingot mold, the outside of
the mass of metal cools at a fairly rapid rate and loses its plasticity,
whereas the center or core of the mass of metal cools much more slowly
and because of its retained plasticity takes up most of the shrinkage.
This shrinkage makes itself evident in the form of an inverted cone
which reaches down many inches into the heart of the ingot.
"All of the slag forming elements that are present when the steel is
poured rise to the top of the mold and are present in abundance through-
*L. C. Rose, Colorado Fuel &: Iron Corp., Pueblo, Colorado, in Northern
Reg-
ional Research Laboratory release.
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out the funnel. This makes it necessary to cut off and discard the entire
section in which the funnel is located. It was found that rice hulls placed
on top of the poured ingot, burned, forming a light fluffy ash which is
an almost perfect insulator for this purpose. The insulation caused the
entire upper section of the ingot to remain plastic for a greater length
of time, causing the shrinkage to be more evenly distributed and thereby
reducing the depth of the funnel."
The above suggests that rice hull ashes might be used for an insu-
lant in walls and ceilings of buildings. The ash is fireproof and would
have no attraction for rodents or vermin.
Use as a Filler in Plastics and Refractory Materials
Some attempt has been made to use finely ground rice hulls as a
filler in plastics. Although successful, it was found that the highly
abrasive qualities of the hulls caused excessive wear on the metal parts of
the equipment used. At least two companies in the U. S. are currently
experimenting with the use of rice hull ashes as a filler in plastics.
Rice hulls can be used as an organic filler in refractory bricks where
the organic matter is burned out during the firing to produce a light-
weight porous product. At least one major company in the U.S. is con-
ducting tests to determine if rice hulls can be used in lieu of the cork
granules now being used to produce the refractory brick. Of interest is a
letter received from Mr. H. Reiser, of Lake Charles, La. In part, the
letter states:
"We are writing you of some of our experiences with burned rice
hulls. After experimenting for a while, our Mr. Reiser secured a patent
No. 1945232, dated January 30th, 1934. We have and still are using
burnt rice hulls in a clay mixture used for grey iron cupola lining, for
the ladle linings, for cores for both iron and brass castings and for lining
for the brass furnace, and find that the linings can be much thinner
than any substance we have used before. They also last longer.
"The Louisiana State Rice Milling Company is using our fire clay
in their furnaces. We have samples taken after use in an acid sludge
furnace of the Gulf Oil Refinery. Also, a sample taken from the furnace
of a steam locomotive of the Kansas City Southern after one year of
service. And we also have a report after use in ocean going steamship
boilers." This letter suggests the need for more research on the feasibility
of such uses for rice hull ash.
The Ontario Research Foundation in Toronto, Canada, reports
successful research conducted under the direction of Mr. James D. Jones
on the use of rice hull ashes in the making of refractory bricks and
porous media. It is reported that at least one company in Canada is man-
ufacturing porous plates patterned after the results obtained by this
Foundaiton and selling them to a U.S. company for use in hot air
furnaces as part of the humidifying system.
During the last 30 years several individuals have successfully de-
veloped methods of extracting activated charcoal from rice hulls. As
far as is known, no commercial processes are being operated as a result
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of this work. It is reported that the charcoal is very fine and exceedingly
difficult to handle.
Use in Manufacture of Furfural
Rice hulls have proved very satisfactory as a raw material for the
manufacture of furfural. Some 15,000 tons are used yearly for this pur-
pose, and it would appear that much more may be used in the future.
Furfural is used as a selective solvent in purifying wood rosin, petroleum
lubricating oil, diesel engine oils, vegetable oils, and as a raw material
in the manufacture of nylon.
Use as an Industrial Cleaning Agent
The abrasive character, which has been a handicap in some of
the suggested uses for rice hulls, could be well capitalized on by using
the hulls as an industrial cleaning agent. For years, ground corncob
particles have been used as soft blast cleaning materials. With proper
air pressure, dirt and carbon can be cleaned from engine pistons, cylind-
ers and other parts quickly and safely without removing any of the
metal. It has been found that a mixture of 60 parts corncob grits and 40
parts unground rice hulls work better than the corncobs alone. The
use of this mixture could well be extended to the cleaning and polish-
ing of iron, steel, aluminum, brass and bronze parts and the cleaning of
electrical equipment.
Use of Rice Hulls and Rice Hull Ash in Lightweight Concrete Blocks
Several attempts have been made to use rice hulls and rice hull ash
as an aggregate in lightweight concrete. In 1923, Mr. Louis Privat, of
Rayne, Louisiana, successfully manufactured building blocks from
cement and burned rice hulls. A large house was constructed from these
blocks and today (1956) it is in excellent condition. Unfortunately,
no records were kept of the proportions of cement and hulls used.
One Texas mill has successfully used rice hull ash for making
concrete blocks under the trade name "Ricement." It is reported that
Left: Cement-Rice Hull Block House Built in 1923 at Rayne, La. Right: Close-up of
Blocks Used in House.
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the blocks weigh 40 pounds per cubic foot and that they can be sawed
or nailed. Several buildings were constructed from these blocks, but
manufacture was finally discontinued. A letter received from Mr. R. H.
Hancock, owner of the patent, states in part: "We soon found out it was
not practical, due to the limited amount of burnt rice hulls available."
Both makers of the blocks stated that it was necessary to coat them
with a waterproofing medium so they were not exposed to the weather.
The Bruning Construction Company of Crowley, Louisiana, has
constructed some houses using a cement-rice hull panel in a metal frame.
Although these panels met all requirements for strength, they proved
more costly than first estimated and apparently their use has been dis-
continued.
The Tata Memorial Hospital in Bombay, India, utilized a cement-
rice hull concrete for partition walls and floors. A report received from
the Sir Dorab Tata Trust, which maintains the Memorial Hospital,
states in part: 'Teathercrete (cement rice hull concrete) was largely used
in the floors and partitions. It expands and contracts considerably, pro-
ducing large cracks. It has no weight carrying capacity. Its compres-
sion and tensile strengths are weak. It has poor resistance to weathering
and to impact. It has good insulating value."
In California tests were made on a cement-rice hull concrete (Hull-
crete)
, but the process was discarded because the cost was too high for
those mixes that gave sufficient strength for general building purposes.
RESEARCH WORK AT L.S.U.
Several years ago the Agricultural Engineering Research Depart-
ment of the L.S.U. Agricultural Experiment Station started an investi-
gation into the possibilities of using waste agricultural products as pos-
sible building materials. Research on the feasibility of a cement-rice hull
concrete was considered first. =^ Many tests were made over a three-year
period, and the results, though by no means conclusive, do indicate, in a
broad sense, the potential value, both positive and negative, of utilizing
rice hulls as an aggregate for a lightweight concrete.
A second phase of the use of rice hulls and ashes was in the making
and testing of adobe brick from the various Louisiana soils.
Purpose and Scope of Work
The objective was to produce a concrete, utilizing rice hulls, which
could be used in block or monolithic form; to determine the characteris-
tics of this concrete and to perfect a method of production which would
enable the farmer or the small contractor to make his own cement-rice
hull concrete by simple means. It was felt that the following require-
ments must be met before any building material made from cement and
rice hulls could be classed as satisfactory.
*John S. Norton and Carl H. Thomas.
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1. SufTicient strength in compression and tension to meet ordinary
structural requirements.
2. Lightweight so that it could be easily handled in the form o£ a
building block.
3. Resistance to insects and rodents.
4. Resistance to flame.
5. Good weathering qualities so that expansion and contraction of ex-
posed units would not cause excessive cracking.
6. High insulating properties.
7. Nail holding ability sufficient for all ordinary building purposes.
8. Surface texture that would facilitate the application of stucco or
plaster.
9. A manufacturing cost comparable with that of other lightweight
concrete.
Materials Used
Rice hulls Average weight, 18 lbs. per cu. ft.
Rice hull ashes " " 12.25 " "
"
Portland cement " " 94.0
Hydrated lime " " 50.0 " " "
"
The rice hulls and rice hull ashes were obtained from a local rice mill.
The rice hulls, having been mechanically removed from the rice, were
mostly broken lengthwise. No attempt was made to separate the rice
hulls according to size.
Mixing Procedure
A rotary type, i/4-cubic yard-capacity concrete mixer was first used.
It was found, however, that the mix would adhere to the sides of the
drum, preventing thorough mixing of the various ingredients. After
careful investigation, it was finally decided to use a Muller Mortar
Mixer, which did a consistently excellent job in preparing the mix ready
for the molds.
The hulls were placed in the mixer, followed by the rice hull ash,
and then the cement. The dry mass was mixed for several minutes and
then enough water was added to obtain a workable consistency, with
the mixer still running. The complete batch was then mixed for an ad-
ditional five minutes. The amount of water added depended on the mois-
ture content of the rice hulls and rice hull ashes and on the ratio of
total aggregate to cement.
The Test Specimens
The test specimens used for the compression tests were cylinders,
three by six inches. As the mix was placed in the molds, it received
20 tamps when one-third full, 20 tamps when two-thirds full and an ad-
ditional 20 tamps when filled. It was allowed to remain in the mold
until firm enough to stand, at which time it was removed for curing in
wet sand.
The compression strength tests were made on a Tinus Olsen Test-
ing machine at the stipulated times, as shown in Tables 2 and 3.
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MuUer Mortar Mixer Used for Mixing the Various Test Ingredients.
Definitions and Units
The compressive and tensile strengths are the maximum loads in
pounds per square inch necessary to cause lailure in the specimens.
The thermal conductivity is the measure of the ability of the ma-
terial to conduct heat. It will depend on the area exposed, the thick-
ness, the time and the temperature difference, and must be expressed
in these terms. Conductivity values based on the tests are designated
as "K" values. They give the B.T.U. (British thermal unit) of heat
transmittal in one hour when the flow is steady, through a section of the
material one foot square in area, the thickness of the plate being one
inch and the difference in temperature between the faces of the plate
one degree Fahrenheit.
Out of the more than 100 tests made, 15 were selected as the basis
for this report. It was felt that these 15 were typical of the results ob-
tained and would accurately reflect the normal characteristics of cement-
rice hull ash-rice hull concrete.
The Compressive Strength
The compressive strength is dependent to a large degree on the
amount of cement used, although the nature of the aggregate used
may also influence the strength owing to the size of the particles or by a
possible effect on the hydration of the cement.
Table 1 lists the pertinent data of the 15 test samples used as a
basis for this report.
Tinus Olsen Testing Machine Used for Compression Tests.
Figure 1 graphically shows the relationship between the compres-
sive strength o£ the various mixes in pounds per square inch and the



















1 1 - i - 1 6.92 1090 1457 100.7 1 .66
2 1 - 1 - 2 7.39 668 1020 94.3 2.09
3 1 - 1 . 3 9.70 290 360 81.6 3.05
4 1 - 2 - 1 6.40 737 1181 92.7 1 .85
5 1 - 2 - 2 6.80 635 995 91.9 2 10
6 1 - 2 - 3 10.60 283 440 76.4 2.10
7 1 - 3 - 1 9.69 714 965 90.4 2.40
co 1-0 9 1 0.60 303 441 77.2 2.50
9 1 - 3 - 3 10.60 248 402 79.0 2.00
10 I - 3 - 4 15.20 134 269 73.9 4.37
11 1 - 4 - 2 10.52 410 657 84.2 3.41
12 1 - 4 - 4 10.52 177 184 71.3 4.50
13 1 - 5 - 3 10.70 273 389 85.0 4.06
14 1 - 6 - 3 14.62 271 389 76.7 4.61
15 1 - 6 - 4 10.00 198 233 68.8 5.45
*C - cement; A — rice hull ash; H — rice hulls.
yield in cubic feet per sack of cement. Assuming that a building ma-
terial should have a minimum strength in compression of 600 pounds
per square inch, it is apparent that only six of the test mixes exceed this
strength.
The yields of these six mixes are quite low, ranging from 1.66 cubic
feet to 3.44 cubic feet. This would require 8 to 16 sacks of cement per
cubic yard as compared to 5 to 10 sacks per cubic yard for ordinary con-
crete.
It may be noted that while the general trend indicates that the low-
er the yield, the greater the strength, which is normal, there is con-
siderable fluctuation. It would seem that where rice hull ash is in ex-
cess of the volume of rice hulls, the yield is greater in proportion to the
strength than where the volume of rice hulls is greater than the volume
of rice hull ash.
It may be noted that the compressive strength at 7 days ranges from
1,090 pounds per square inch for the 1-1-1 mix to 134 pounds per square
inch for the 1-3-4 mix. At 28 days the strength in compression ranges
from 1,457 pounds per square inch for the 1-1-1 mix to 184 pounds per
square inch for the 1-4-4 mix. The increase in compressive strength for
the various mixes from 7 days to 28 days is far from uniform, as shown in
Table 2 and in Figure 2. It would seem that in general where the volume
of total aggregate to cement is constant, the compressive strength is af-
fected by the ratio of rice hull ash to rice hulls. (See Table 3 and Figure
3.) Only six of the mixes, viz, 1-1-1, 1-2-1, 1-1-2, 1-2-2, 1-3-1 and 1-4-2,
show sufficient strength to receive consideration as a building material.
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FIGURE 1. Relationship Between 28-Day Compressive Strength and Yield.
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FIGURE 3. Effect of Ratio of Rice Hull Ash to Rice Hull on Compressive Strength.
Yield
The yield o£ concrete from the various mixes, in terms of cubic feet
per sack of cement, must be considered as it directly affects the cost of
the material. Concrete, using sand and gravel for the aggregate, will
produce yields ranging from 4 cubic feet per sack of cement for the
fairly rich mixes to 7 cubic feet for the lean mixes. It will be noted
from Table 1 that none of the six mixes which show the desired strength
show yields as high as 4 cubic feet. The 1-4-2 mix, with a strength in com-
pression of 657 pounds per square inch and a yield of 3.41 cubic feet per
sack of cement, comes the closest to an economical yield but falls far
short of the desired results.
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TABLE 2. Comparison of Compressive Strength at 7 Days and 28 Days
(Mixes Listed in Order of Strength at 7 Days)
Batch Mix* Compressive Strength
Per cent p^j. (-g^t
incrc3.Sc
composition by volume




1 1-1-1 1,090 1,457 33.7 331/3 331/3 331/3
4 1-2-1 737 1,181 60.2 25 50 25
7 1-3-1 714 965 35.2 20 60 20
2 1-1-2 668 1,020 52.7 25 25 50
5 1-2-2 635 995 56.7 20 40 40
11 1-4-2 410 657 60.2 14.3 57.2 28.5
8 1-3-2 303 441 45.5 16.7 50.1 33.2
3 1-1-3 290 3(50 24.1 20 20 40
6 1-2-3 283 440 55.5 16.7 33.3 50
13 1-5-3 273 3a9 42.5 11.1 55.6 33.3
It 1 - 0 - O 271 389 43.5 10 60 30
9 1-3-3 248 402 62.1 14.3 42.85 42.85
15 1-6-4 198 233 17.7 9.1 54.6 36.3
12 1-4-4 177 184 3.9 11.2 44.4 44.4
10 1-3-4 134 269 100.8 12.5 37.5 50
*C - Cement; A - rice hull ash; H — rice hulls.
TABLE 3. Effect of Rice Hull Ash-Rice Hull Ratio on Compressive Strength when









number C A H 7 days 28 days
2 1 -1-2 25 50 668 880
4 1 -2-1 25 200 737 1181
3 1 -1-3 20 33.33 290 360
7 1 - 3 - 1 20 300 714 965
9 1 -3-3 14.3 100 248 402
11 1 -4-2 14.3 200 410 657
12 1 -4-4 11.1 100 177 184
13 1 -5-3 11.1 170 273 389
*C — Cement: A — rice hull ash; H — rice hulls.
Density
The density o£ the cement-rice hull ash-rice hull concrete ranged
from 69 pounds per cubic foot to 101 pounds per cubic foot, as com-
pared with 150 pounds per cubic foot for sand-gravel-cement concrete.
Lightweight concretes that use slag, clay or cinders range in weight
from 40 to 110 pounds per cubic foot.
Effect of Adding Lime
In an attempt to increase the strength of the material, lime was
added to some of the mixes. Table 4 and Figure 4 show that the strength
was increased considerably in all but two tests, where an actual decrease
was shown. Since lime is one of the principal materials used in the
manufacture of Portland cement, it seems surprising that additional
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lime should cause an increase in strength. It may be that the lime
originally present is in some form other than free lime and that lime
added increased the hydration of the cement, thus increasing the
strength. The addition of small amounts of lime had no apparent effect
on the strength, so larger amounts, as shown in Table 4, were added.
In each case the amount of lime added was equal in volume to the
amount of cement used. Seemingly, lime added in excess of 15 per cent,
by volume, of the total mix had an adverse effect, and the greatest in-
crease in strength occurred with the addition of 10 per cent of lime. How-
ever, the lime-treated concrete cracked so badly after being exposed to
the weather that it was considered unsuitable as a building material.
TABLE 4. Effect of Adding Lime
Mix (by Compressive strength








1 1-1-1 25.0 1457 452
11 1-4-2 12.5 657 1464
8 1-3-2 14.3 441 1200
9 1-3-3 12.5 402 942
13 1-5-3 10.0 389 680
14 1-6-3 9,0 389 875
S 1-1-3 16.6 360 289
10 1-3-4 11.0 269 606
15 1-6-4 8.3 233 469
12 1-4-4 10.0 184 551
*C — cement; A — rice hull ash; H — rice hulls.
Thermal Conductivity
The thermal conductivity of a material such as cement-rice hull ash-
rice hull concrete depends on the conductivity of each of the materials
and on the method by which the materials were bonded together.
Tests were made of five samples of cement-rice hull ash-rice hull
concrete. It will be noted from Table 5 that a rather wide range of
values was calculated. Because of the surface roughness of this type of
concrete, it was difficult to secure airtight contacts for the instruments
used, and some errors may have occurred. However, it can be safely
assumed that the 'K' value is close to 1.0 B.T.U./hr/ft2/°F/in. This com-
pares very favorably with the 'K' of 12.6 for sand and gravel concrete and
with the 'K' value of 2.29 for lightweight concretes.



















1 212 0.42 18,980 0.000267 0.775048
2 32 0.36 29,530 0.0001476 0.428453
3 212 0.582 18,200 0.000382 1.140
4 212 0.582 24,160 0.000288 0.8360
5 212 0.675 25,400 0.0003173 0.9220
Average value of 'K' with source at 212° F = 0.000318 cal/sec/cm2y°C/cm
0.912 BTU/hr/ft2/°F/in
Conclusions From First Experiments
From tests made in these studies the following conclusions are
indicated:
1. Safe strengths may be obtained from cement-rice hull ash-rice hull
mixtures.
2. The addition of certain amounts of dehydrated lime increases the
strength but causes severe cracking of the concrete.
3. The cement-rice hull ash-rice hull material is a better thermal insu-
lator than ordinary concrete but does not have as high a strength.
4. In order to obtain adequate strength in the cement-rice hull ash-rice
hull material, it is necessary to use such a rich mix (large cement
content) that the cost, even though rice hulls can be obtained at no
cost, will be greater than that of other concretes.
5. It was found that similar mixes prepared at different times had
varying results to a degree that reactions of any one mix could not
be reliably forecast. Unless definite strength results can be obtained
under normal mixing conditions, it would not be safe to advocate
production and use by the farmer.
6. At this time cement-rice hull ash-rice hull concrete cannot be recom-
mended as a building material. Based on available information it
does not appear to be either stable or economical.
Use of Rice Hull Ashes in Adobe Bricks
In 1953 a second attempt was made to utilize rice hulls in a structur-
al brick, reaching back through the years to the mud or adobe type
brick which is dried and cured in the sun. The use of earth as a building
material is at least as old as recorded history. Whenever climatic condi-
tions have been favorable it has proved an excellent choice. Strength in-
creases with age, repairs are easily made and insulating qualities are high.
However, since earth is readily soluble in water, the successful use of
adobe bricks was restricted to very dry areas until lately when a means
of stabilizing the soil was discovered. Stabilizing means coating the soil
molecules so they will be impervious to moisture. Soil can be stabilized by
adding cement or emulsified asphalt or with specially dehydrated molas-
ses (Plasmofalt) . The emulsified asphalt is commercially obtainable as
"Bitudobe Stabilizer" prepared by the American Bitumels Company and
has proved very successful in the making of stabilized adobe blocks, par-
ticularly in California.
A search of available records indicated that soils containing the
proper proportions of clay and sand would make an excellent building
material, and when stabilized would be impervious to water. Apparently
soils ranging from 40 per cent to 75 per cent sand content were satisfact-
ory with the optimum being 75 per cent. It was found that sand could
be added to clayey soils with satisfactory results, but attempts to add clay
to sandy soil were not too successful.
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Possibilities in Louisiana
Many of the Louisiana soils have a high clay content and would
not be satisfactory for soil bricks unless sand were added. This is un-
fortunate since many farm buildings, especially poultry houses, would
readily lend themselves to this type of construction. In fact, a stabilized
soil brick, impervious to the moist Louisiana climate, should prove
to be a valuable building material on the farm.
It was believed there might be means, other than adding sand, of
conditioning the common types of Louisiana soils, thereby making them
suitable for soil bricks. In using rice hulls or rice hull ashes as an aggre-
gate, it was found that rice hulls, being organic, were unsuitable, but
when reduced to ash take on characteristics somewhat similar to a fine
sand but with a much lower density. By mixing the rice hull ashes, in-
stead of sand, with the clay soils, we might have a mixture that could
be utilized as a low-cost building material on the farm. If this mixture
were stabilized, it could be used in the moist climate of Louisiana.
Preliminary Work
As a first step, criteria for minimum results were established as
follows:
(a) Mixture should be cast in brick form and of a size that would
promote ease in handling and using.
(b) Bricks should be of medium hardness, sound and reasonably
true to size without detrimental cracks and pits.
(c) Shrinkage cracks should be not more than three inches long
and one-eighth inch wide, with not more than three cracks per
brick.
(d) Minimum strength in compression should be 300 pounds per
square inch.
(e) Moisture absorption should be less than 2i/4 per cent of dry
weight, with one face in direct contact with water for not less
than seven days.
(f) Erosion should be less than 1/16 inch without pitting when
brick is exposed to a needle spray of water at 20 pounds per
square inch pressure for at least three hours.
(g) Density of material, when fully cured, should be not more than
90 pounds per cubic foot and should be less if possible.
(h) Cost per cubic yard of soil used (approximately 120 bricks),
including labor and materials, in 1956, was not more than $10.
(i) The finished brick should be capable of receiving paint, white-
wash or stucco.
(j) Production methods should be simple and noncritical so that
any farmer could make the bricks,
(k) A substantial amount of agricultural waste must be used in
the process.
The second step was to select some common soils for testing as to in-
herent qualities for making adobe type bricks. Four soil types were used:
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1. Miss. Bluff from the Baton Rouge area (18% sand, 82^0 clay & silt) .
2. Coastal Prairie from the Crowley area ( 8% sand, 92% clay 8c silt) .
3. Coastal Plains from the Calhoun area (65% sand, 35% clay 8c silt)
.
4. Miss. River Bottom (22% sand, 78% clay 8c silt) .
Testing, Soil Only
A plastic mud made from each soil type was poured into molds
4" X 4" X 2" high. When the mixture was well set, the molds were re-
moved and the blocks allowed to cure. At the end of 24 hours, the
blocks were set enough so they could be raised on one edge in order
to expose more surface for drying. At the end of 7 days the blocks made
from soil type No. 1 were firm, the surface was even and no cracks were
visible. Those made from soil type No. 2 were rough in appearance and
several large cracks were visible. Blocks made from soil type No. 3 were
even in appearance but were exceedingly friable on the surface. Soil
type No. 4 blocks showed excessive shrinkage and were badly warped. No.
1 and No. 3 soil type blocks shrank very slightly, and No. 2 soil type
blocks showed moderate shrinkage.
Compressive Strength Tests-Tests for strength in compression were
made at the end of 14 days, 28 days and 60 days. In each case three
blocks of each type were tested, and the average strength is shown in
the following table of results.
Average Strength in Compression of Soil Blocks Made from Four Different Soil Types
Soil Type P.S.I., P S.I., P i^-l^




2 326 410 460
3 301 389 410
4 125 160 201
It may be noted that in soil types 1, 2 and 3 the greatest increase in
strength occurs during the first month and that the increase during the
second month is considerably less.
Erosion Tests-The blocks were then tested for erosion by exposing
them to a needle spray of water at a constant pressure of 20 pounds per
square inch. All blocks were allowed to remain under the spray until
they were completely disintegrated. Again three blocks of each type were
tested and the average of three used for the record. The time lapse
in minutes for complete disintegration was as follows:
Erosion Test
(Needle spray at 20 P.S.I.)
Soil Type Time lapse Soil Type Time lapse
in minutes in minutes
1 30 3 32
2 21 4
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At this point No. 4 soil type was temporarily eliminated as being too
weak for present consideration.
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Testing Soil Mixed With Rice Hull Ashes Only
Each of the three remaining soil types was mixed with rice hull
ashes in varying proportions and enough water added to make a plastic
mass. As a rough measure of reaction, it was decided to try the follow-
ing proportions:
(a) 1 part soil and 1 part ash by volume
(b) 2 parts soil and 1 part ash by volume
(c) 1 part soil and 2 parts ash by volume
The results were as follows:
Soil Type Compressive Strength
14 days 28 days 60 days
Mix (a) 1 215 317 345
2 275 351 401
3 165 218 263
Mix (b) 1 236 328 351
2 289 372 412
3 223 364 391
Mix (c) I 179 231 236
2 196 239 251
3 124 163 210
Mix (b) gave the best results in compressive strength, but it was
very litde greater than the results from Mix (a) . Mix (c) showed a de-
cided weakness and was eliminated from further consideration at that
time.
Since our objective was to use as much rice hull ash as possible, it was
decided to use Mix (a) in our next tests.
It is worthy of note that the addition of rice hull ashes in the 1 to
1 ratio reduced the strength of the original soils very little, but density
was reduced some 25 per cent.
Testing Soil Mixed With Rice Hull Ash and Emulsified Asphalt
Emulsified asphalt was added to a mixture of rice hull ashes and
type No. I soil in the varying amounts considered applicable. After
thoroughly mixing by hand, enough water was added to produce a
plastic mass and the resulting mixture was poured into the molds. After
curing, the stabilized blocks were tested by three methods. First, they
were given an accelerated weathering test by alternately freezing the
blocks solid and then quickly thawing them out in 70° F. water, one
freezing and one thawing completing a cycle. The number of cycles that
each test block could withstand before showing signs of breakdown was
used as the basis for comparing resistance to weathering. Any blocks
that were in good shape after 20 cycles were tentatively classed as ac-
ceptable. Second, the test blocks were subjected to a needle spray of water
at 20 pounds per square inch to determine the comparative resistance
to erosion. Any block that remained in good shape at the end of 24













































































































































































Water Spray Unit Used for Testing Resistance of Soilash Bricks to Erosion
in a pan Gontaining water so that one large face was completely immersed
in the water. At the end of seven days the amount of water absorbed
was measured and, if it was less than 21/^ per cent of the dry weight of the
block, that block was classed as acceptable. (See tests 4 to 9, inclusive.
Table 6.)
It was found that optimum results were obtained when 7 per cent by
volume of emulsified asphalt was added. Amounts greater than 7 per
cent did not increase favorable characteristics of the blocks enough to
make the larger amounts economically justifiable. Amounts less than
7 per cent did not provide sufficient stabilization against moisture.
It was noted that the test blocks dried much slower when emulsified
asphalt was added than they did in the first tests when no emulsified
asphalt was used. In fact, they took three to four times as long to dry
to a point where they could be removed from the mold and set on edge
to cure. However, once the initial drying period was completed, they
apparently cured as fast as the unstabilized blocks.
It was decided, therefore, to deviate slighdy at this time and make
some tests using Portland cement and a mixture of Pordand cement
and emulsified asphalt as possible stabilizing agents. It was felt that the
cement might act as a dehydrating agent also and accelerate the initial
drying period. (See tests 10 to 16 inclusive. Table 6.) Cement added in
amounts less than 10 per cent by volume did not materially reduce the
drying time. The 10 per cent addition reduced drying time to approxi-
mately one-half and 15 per cent reduced it still further. However, when
these blocks were subjected to compressive strength tests, it was found
they were below minimum acceptable strength of 300 p.s.i. Although mic-
roscopic examination showed no difference in texture as compared to the
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blocks stabilized with emulsified asphalt only, it was thought that some
granulation effect caused by the quick setting cement was responsible
for the loss of compressive strength.
Tests on blocks treated with both emulsified asphalt and cement
evidenced the same loss of strength. It was decided, therefore, to elimi-
nate the use of cement and to conduct further tests using emulsified
asphalt only.
Testing Soil Type No. 2, Rice Hull Ashes and Emulsified Asphalt
Soil type No. 2 was difficult to handle after it was dried out in the
storage pile, as it had formed extremely hard clumps. Hosing down with
water over a period of several days did not reduce it to a usable state.
Therefore, it was necessary to pulverize it in a hammer mill. Although
excellent results in compressive strength were obtained, it was found
that during the initial drying period the blocks cracked and warped
so badly they were classed as unsatisfactory and further tests were tem-
porarily discontinued. (See tests 17 to 19 inclusive. Table 6.)
Testing Soil Type No. 3, Rice Hull Ashes and Emulsified Cement
These tests, in addition to those previously made, seemed to prove
conclusively that the percentage of sand in this soil was at such a high
point that the addition of rice hull ash in any quantity at all weakened
the block to a point considerably below tolerance. Soil type No. 3 was
classified as unusable for our purpose. (See tests 20 to 23 inclusive.
Table 6.)
Testing Blended Soils, Rice Hull Ashes and Emulsified Asphalt
In an endeavor to determine the maximum and minimum limits of
sand content of soils that would allow the satisfactory addition of rice
hull ashes in a 1 to 1 ratio, several soils were blended with sand to
give six soil types ranging from 15 per cent sand and 85 per cent clay to
60 per cent sand and 40 per cent clay. Blocks were made from each blend
and were subjected to the usual tests. Test No. 24 with the lowest sand
content and test No. 29 with the highest sand content did not show the
desired characteristics. Tests No. 25 to 28 inclusive showed results that
were favorable and surprisingly similar. It was tentatively decided on the
basis of these results that any soil having a sand content of not less
than 15 per cent nor more than 60 per cent could be blended with rice
hull ashes and produce satisfactory results, and that optimum results
could be expected from soil having from 18 per cent to 50 per cent sand
content.
Producing Full-Size Blocks for Actual Building Tests
So far all preliminary research had been done in the laboratory.
Test block sizes were 4" x 4" x 2" high. The various ingredients were
all mixed by hand and the blocks were dried and cured in the laboratory.
Our next step was to produce full-size bricks which would be
made under normal production conditions and would be allowed to cure
on the outside. It was decided to use a block size of 8" x 12" x 4" high.
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For the first batch a i/^-cubic yard concrete mixer was used to mix the
various ingredients. It was discarded when it proved incapable of
thoroughly mixing the soil, rice hull ashes and water, because of mechan-
ical design. A MuUer mortar mixer was then tried and found to be
satisfactory.
Since there was an ample supply of soil type No. 1, it was decided
to work with this soil first. Each batch mixed consisted of 1 cubic foot of
Pouring Soilash Mix from the Muller Mortar Mixer. This Type Mixer Proved Most
Satisfactory.
soil and 1 cubic foot of rice hull ashes. These were placed in the mixer
and mixed until thoroughly blended. Enough water was then added
to produce a plastic mass. Last, the emulsified asphalt was added on the
basis of 7 per cent by volume of the soil content. Twenty full-size blocks
were cast and allowed to cure for 28 days. Although the mix appeared
to be plastic when removed from the mixer, it did not puddle well into
the molds and the resulting bricks were slightly honeycombed. An ad-
ditional 20 bricks were cast from a mix containing a greater amount of
water and this puddled into the molds much more easily than the first
mix. When the molds were removed, the surfaces of the bricks from the
second mix were much smoother. The bricks dried very slowly, so no
compressive strength tests were made at the end of 14 days. At the end
of 28 days four bricks from each batch were tested for strength, and at




tests 30 and 31, Table 7) . The average compressive strength at 60 days
was 242.5 p.s.i.
Since this strength was far below the strength obtained from a
similar mix when used in the laboratory to make the small test blocks,
it was felt that the ingredients had not been mixed long enough, so the
preceding tests were duplicated with the batches remaining in mixer
10 minutes after a visual inspection indicated all ingredients were
thoroughly combined. Strength test results were again disappointing.
Feeling that a complete coating of the soil particles with the emulsified
asphalt was not taking place and that the clay colloids were not being
wetted sufficiently to promote adhesion, it was decided to try different
amounts of water. At the same time the various ingredients were added
in different order.
After making several more tests with disappointing results (see tests
32 to 38 inclusive, Table 7), it was decided to add one-half of the amount
of water required to the emulsified asphalt and mix thoroughly before
adding any solids. The soil was then added and mixed until the liquid
was completely absorbed. Then the rice hull ash was added and allowed
to mix with the saturated soil until the mix was so stiff that the mixer
began to labor. At this point the remaining water was added and the
whole allowed to mix until a plastic mass was formed. (See test 38, Table
7.) All bricks made by this method were satisfactory.
Effect of Adding a Greater Amount of Emulsified Asphalt
A test was conducted to determine the effect of adding 10 per cent
emulsified asphalt instead of the 7 per cent previously used. The result
was a gain in strength. This test was repeated and again showed a gain
in strength. Bricks from these batches were subjected to the erosion and
moisture absorption tests and found to be satisfactory. Since the emul-
sified asphalt is the most expensive single item, its use should be held
to a minimum consistent with the desired results. However, the greater
strength seems to justify this slight increase from 7 per cent to 10 per
cent. (See tests 38 and 39, Table 7.)
Summary of Results
Because of the time required to cure the soil bricks before they
can be tested and because we were working more or less in the dark
at the start of this research project, progress so far has been slow. A
concrete slab was poured to form a foundation for a small building
which is now under construction, using the soil bricks for the walls.
The reaction of the bricks under actual building conditions should
provide us with sufficient data to determine whether or not they are
practical. In the meantime, this concrete slab has been used to erect
small wall sections of the bricks left over from the various tests so that
their resistance to weathering could be observed. To date they have all
proved resistant to rain, wind and sun.
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On the basis of the test results and visual observation of the test
walls, it is safe to state that a satisfactory soil-rice hull ash building
brick can be made from any soil containing not more than 85 per cent
clay nor less than 40 per cent clay and that such a brick can be stabilized
to meet Louisiana climatic conditions by adding the correct amount of
emulsified asphalt.
The present recommendation for mix proportions is as follows:
1 part soil, 1 part rice hull ash and 10 per cent emulsified asphalt by
volume of the soil content. In actual practice this would be 1 cubic foot
of soil, 1 cubic foot of rice hull ash and S/^ gallon of emulsified asphalt,
with enough water added to obtain a plastic, easily worked substance.
It was found that 2i/2 gallons of water per batch of 1 cubic foot of soil
and 1 cubic foot of ash was the most satisfactory. Naturally, the moisture
content of the soil at the time it is used will have some bearing on the
total amount of water to be added. However, the water measure is not
critical. Enough should be added in each case to make a mix that can be
easily placed in the mold and worked against the sides and into the
corners before filling in the center.
Mixing Procedure
The following order for adding the ingredients was found to pro-
duce the most satisfactory results.
Place one-half of the total water required and the total amount of
emulsified asphalt into the mixer and allow to mix for three minutes.
Add the soil and continue mixing until the soil is saturated with the
water-emulsified asphalt liquid, which takes approximately five min-
utes. Then add the rice hull ash. Continue mixing until the rice hull
ashes have been so thoroughly absorbed by the saturated soil that they
seem to have completely disappeared. This will take from three to
five minutes, and usually by this time the mix is very stiff. Add the
remaining half of the water and continue mixing until a pliable plastic
mass is produced. If it is necessary to add water in addition to the
estimated required amount, add very slowly and in small quantities.
Never add more water than is necessary to produce a workable mix.
Making the Molds or Forms
The molds can be made from wooden forms as shown in Figure 5.
It is necessary to keep the interior surfaces clean and well oiled to pre-
vent sticking. Used motor oil is good for this purpose. It was found more
satisfactory to make removable sheet metal linings, as shown in Figure
5, and place these metal linings inside the wooden forms. The rigid
wooden forms would support the sheet metal during the pouring
period, and at the end of ten minutes the wooden form could be re-
moved, leaving the sheet metal around the soft brick until it was set.
Three wooden forms with three sections each were ample to take care




Pouring and Curing the Bricks
The mix was scooped into each mold and well trowled into the corn-
ers and against the sides. Surplus mix was scraped off the top with a
wooden float which left a fairly rough surface suitable for receiving
mortar.
As soon as the bricks were firm enough to handle, they were turned
on edge so that the greatest possible area was exposed to the air. (The
sheet metal lining could be removed at the end of the day's pouring, but
the brick, though stiff enough to prevent slump, was not firm enough
to move.)
Filling Molds with Soil Ash Mixture.
Initial drying time varied from 4 to 8 days. Total curing time was
approximately 28 days. This was considered to be too slow, and various
methods of faster drying were tried. It was definitely established that the
initial drying had to be slow. Otherwise, external strains were set up
that caused severe cracks. It must be remembered that much more
water is used in this process than would ordinarily be used in making
conventional adobe bricks, and the excess moisture must be allowed
to evaporate slowly. For this reason, it was impossible to dry the bricks
in the open under direct sunlight. Covering with wet burlap did not
retard the drying time sufficiently. It was found necessary to dry the
bricks under shade for at least 7 days. They could then be moved out in-
to the open under direct sun and allowed to cure. Any rain that fell on
the bricks during the curing period after the initial drying in the shade
had no adverse effect on them.
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Yield
One cubic yard of soil and 1 cubic yard of rice hull ash made 1.14
cubic yards of brick material.
Density
The average density of soil ash is 70 pounds per cubic foot. This
compares very favorably with adobe, 100-120 pounds per cubic foot, and
concrete, 115-150 pounds per cubic foot.
Economic Factors
The cost factor is, of course, all important in the selection of any
building material. Cost factors should include initial cost, maintenance
and depreciation, and this actual cost should be compared to the value
received in terms of protection against the elements.
A properly made soil block will provide sufficient strength for small
buildings, such as tool sheds, poultry houses and cow barns, and will re-
sist normal weather conditions. Over a period of years, the walls will
actually gain in strength and tend to become monolithic in form. The
insulation value of this building material is higher than that of other
common materials generally used in farm construction because of the
thickness of the soil brick wall. This high insulation value could prove to
be very important in the South.
Unfortunately it is impossible to arrive at the actual cost of making
a soil-rice hull ash stabilized brick. In most cases the soil will be locally
available, but the rice hull ashes will be confined to the rice-producing
areas, and transportation cost involved in obtaining these materials will
vary according to location.
The one definite cost is that of the emulsified asphalt. It was ob-
tained in 55-gallon drums at the nearest American Bitumels plant for
231/2 cents per gallon, or 15i/2 cents per gallon if the purchaser brought
his own drum and had it filled. For most small buildings at least 300
gallons would be used. Assuming that the builder purchases one drum of
55 gallons and then has this drum refilled, the average price would be
approximately 17 cents. If he purchases the entire amount in drums, it
would, of course, be 231/^ cents. Our formula calls for 22 gallons per cubic
yard. Using the above figures, the maximum cost would be $5.17 for each
cubic yard of brick material and the minimum cost would be $3.74.
One wooden form designed to hold three bricks would cost ap-
proximately $1.00 for materials and would take about 30 minutes to
make.
Sheet metal liners which are open top and bottom would cost ap-
proximately 40 cents each.
Some farmers will have mechanical mortar mixers. Those who do
not, can mix by hand, or can rent or buy a mixer. New mixers will range
in price from $150 to $500, depending on size.
It could be feasible to set up a community plant in a farming
area where the cost of equipment could be pro-rated among the users.
Actual total costs, therefore, can not be estimated unless all condi-
tions are known, including the number of bricks that are to be made.
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The more bricks that are made with any one set of equipment, the lower
the cost per brick. Under average conditions in the southern part of
Louisiana, the cost would probably average $10 per cubic yard of soil
used, and a cubic yard would make 120 bricks 12" x 8" x 4". This would
mean a cost of slightly more than 8 cents per brick. A farmer having
the equipment already and having easy access to the soil and rice hull
ashes could make the bricks for as low as 5 cents each.
Weathering Test of Soilash Bricks
In 1953 a small test wall was erected so that a visual check could
be made on the resistance of the Soilash brick to weather such as is ex-
perienced in Louisiana. The top of the wall was left completely un-
protected and one-half of the side of the wall was given one coat of
Bondex. The mortar used was a mixture of soil, rice hull ashes and emul-
sified asphalt with just enough water added to make it workable. At
the time of writing this report, the bricks were in excellent condition
with no signs of erosion or weathering on either the uncoated bricks or
the ones coated with Bondex. However, shrinkage of the mortar as it
dried caused some cracking at the joints, indicating further work
should be done on more suitable bindings.
In June 1955 a small building was erected from Soilash bricks, and
several types of cement mortars were used. The most satisfactory from
the standpoint of economy, workability and appearance was that made
from Magnolia Mortar Mix. The bricks were dipped in water before be-
ing put in place and the mortar then spread on the wet surface. A one-
inch joint was used to compensate for the irregularity of the bricks and
it was found to dry fast enough so that the laying could be continuous.
When the soil-rice hull ash mortar was used in the test wall, only two
courses could be laid at a time, since this mortar dried very slowly and
the weight of the blocks caused considerable settling. As was done with
the test wall, one-half of each wall was coated with Bondex. To date, no
signs of weathering are apparent, indicating that no outside protection
is necessary. However, the coating of white Bondex does improve the ap-
pearance considerably.
Protection Against Atomic Fallout
The possibility of attack by atomic weapons is something that must
be considered. Tests conducted at L.S.U. by Dr. May L. Good on March
21, 1955, indicated that the Soilash material had the same shielding qua-
lities as solid concrete of the same thickness. Since Soilash is much lighter
than concrete and much less expensive, it may well be that a utility
building constructed from this material could double for use as a
shelter against radioactive fallout if such shelter were ever needed.
Insulation Qualities of Soilash
Adobe blocks have long been known as one of the best insulating
mediums, mostly because of the extreme thickness of the walls in adobe
constructions. It has not yet been possible to determine the exact 'K'
value of Soilash material, but comparative tests indicate that it is as good
33
as adobe and possibly slightly better. Since the density o£ Soilash is only
70 per cent that o£ adobe and the rice hull ashes have inherent insulating
qualities themselves, it is fully expected that the exact 'K' value of
Soilash will be low.
LOOKING INTO THE FUTURE
One of the most exciting paths in our years of research led to a
potential use of rice hulls that may be the most significant of any yet
known. It began when the chief chemist of a company manufacturing
prilled ammonium nitrate fertilizer read the report issued by this de-
partment on Soilash bricks. At the present time this company is using
diatomaceous earth as the conditioning agent for coating the ammonium
prills thereby preventing caking of the fertilizer in storage and provid-
ing a free flowing product. Diatomaceous earth, calcined for this par-
ticular use, contains approximately 90 per cent silica, with the balance
being mainly aluminum and iron oxides. After reading the L.S.U.
report in which mention was made of the fact that calcined rice hulls
would analyze approximately 95 per cent silica, with the balance
being of various oxides, this chemist requested samples of rice hull
ashes for experimentation. Some time later, a letter was received which
stated in part . . . "The diatomaceous earth used is ground so that 90
per cent will pass a 325 mesh screen, has a moisture content of 2i4 per
cent or less as received and a bulk density of 10 to 12 pounds per cubic
foot. A sample of the rice hull ashes you forwarded to us was first
ground to a screen size of approximately 100 mesh and was then screened
to remove the partially burned hulls. Moisture was found to be .95 per
cent and bulk density 28 pounds per cubic foot. . . . Samples of ammoni-
um nitrate were coated with the screened ash . . . however, there was
some caking tendency."
On receiving this report, some rice hull ash was ground to a
fineness where 90 per cent would pass a 325-mesh screen and shipped
to this company for further tests. A verbal report received at a later
date indicated that there was still some caking but not as much as in
the first test. Unfortunately, the density of the finely ground rice hull
ashes was too high, running in the neighborhood of 70 pounds per
cubic foot. The immediate problem then is how to create a fine-particle-
size ash at a low density, say 30 pounds per cubic foot or less. It was
theorized that the minute cells of the ash structure were being destroyed
by the fineness of the grinding and that other methods should be consid-
ered that might allow retention of cellular structure. Since it was known
that in burning, the basic structure of the hull was retained but was re-
duced in size, the procedure previously used was reversed and the hull
ground first to a fineness that would pass through a 200-mesh screen
and then reduced to an ash, with the results being encouraging. It was
then found that the calcinated particles would pass through a 250-mesh
screen and the density was only 40 pounds per cubic foot. This was
definitely a step in the right direction but not quite good enough.
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If a processing method could be perfected, a huge market for rice
hulls would be created immediately. One cooperating company would
need 15 tons of rice hull ashes per day each day of the year. This would
mean an annual requirement of 5,475 tons of ashes, which in turn
means a potential use for 27,275 tons of hulls. Since there are several
similar companies in the U.S. and each one would be a potential user,
a large market for an otherwise useless waste would exist.
Because of the possibilities in this field with the resultant effect
on the income of the rice producers, it was felt that others who were
better equipped to develop means of processing the calcinated rice hulls
should be approached. Therefore on February 1, 1956, Dr. A. M. Alt-
schul. Head of the Oil Seed Division, Southern Utilization Research
Branch, USDA, at New Orleans, Louisiana, was contacted. Dr. Altschul
was very much interested in this problem and immediately assigned Dr.
Ralph W. Planck to investigate and report on the situation. If Dr.
Planck's report seems favorable, it is understood that this Laboratory
will endeavor to perfect a method of processing the rice hulls so that
the end result will be a usable substitute for the diatomaceous earth now
being used.
APPENDIX
Flameproofing Rice Hulls for Use as a Loose Insulant
The treating solution consists of 60 per cent commercial boric acid
and 40 per cent commercial borax dissolved in water. By experiment it
was determined that 82 pounds (about 11 gallons) of water at 80° F.
would dissolve 10.8 pounds of boric acid and 7.2 pounds of borax.
Steeping, or soaking of the dry hulls in the treating solution, was
complete after four hours of complete immersion.
Draining, after removal of the hulls from the steeping tank, re-
quired different times, varying with the thickness of the pile of steeped
hulls. Complete drainage saves treating solution, which can be used
Igain. It also reduces the cost of subsequent drying of the hulls.
Drying was accomplished in the tests by exposure to air averaging
75° F. with relative humidity of about 80 per cent. It was found that
when about 70 per cent of the solvent water had been evaporated the
treated hulls would no longer stick together. At this stage they could be
stored or put in use. Since the final moisture content of the hulls in
storage or in use is determined by the condition of the air, it is best
not to reduce solvent water content more than 80 per cent. This reduces
the cost of drying and makes for better handling. After drying, the hulls
are quite flame resistant and may be stored or shipped in bulk or in
sacks. (The above extracted from a report on the "Use of Treated Rice
Hulls as a Loose Insulant" by H. R. Bodemuller, dated February 20,
1946, the original of which is on file with the Department of Commerce
and Industry of the State of Louisiana.
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For those readers who wish to obtain more detail regarding the
various uses for rice hulls, it is suggested that the following two publi-
cations be obtained:
1. Refractory Insulators and Porous Media from Vegetable Sources,
by James D. Jones, Ontario Research Foundation, Toronto, Canada.
2. The Industrial Utilization of Rice Hulls, by Elbert C. Lathrop,
USDA Northern Regional Research Laboratory, Peoria, Illinois.
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